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1 3 $[0, t_{d}],$ $(t_{d}, t_{1}],$ $(t_{1},$ $T|$
$[0, t_{d}]$ $(t_{d}, t_{1}]$
$(t_{1}, T]$ $\frac{1}{1+\delta t}$
$I(t)=\{\begin{array}{l}I_{1}(t) , 0\leq t\leq t_{d}I_{2}(t) , t_{d}<t\leq t_{1}I_{3}(t) , t_{1}<t\leq T\end{array}$ (1)
$I_{1}(t) = \frac{D}{\theta}[e^{\theta(t_{1}-t_{d})}-\theta(t-t_{d})-1]$ (2)
$I_{2}(t) = \frac{D}{\theta}[e^{\theta(t_{1}-t)}-1]$ (3)
$I_{3}(t) = - \frac{D}{\delta}[\log[1+\delta(T-t_{1})]-\log[1+\delta(T-t)]]$ (4)
(a) $A$
(b)
$HC = h[ \int_{0}^{t_{d}}I_{1}(t)dt+\int_{t_{d}}^{t_{1}}I_{2}(t)dt]$ (5)
$= D[ \frac{ht_{d}}{\theta}[e^{\theta(t_{1}-t_{d})}-1]+\frac{ht_{d}^{2}}{2}+\frac{h}{\theta^{2}}[e^{\theta(t_{1}-t_{d})}-1-\theta(t_{1}-t_{d})]]$ (6)
(c)




$OC = \pi\int_{t_{1}}^{T}D[1-\frac{1}{1+\delta(T-t)}]dt=\pi D[(T-t_{1})-\frac{\log[1+\delta(T-t_{1})]}{\delta}]$ (9)
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(f)
(I)$0\leq M<t_{d},$ $(II)t_{d}\leq M<t_{1},$ ( In)$t_{1}\leq M<t_{1}+N,$ $(N)t_{1}+N\leq M$
(I)$0\leq M<t_{d}$




$IP_{2} = pI_{p}[ \int_{M}^{t_{1}+N}D(t-M)dt+\int_{M}^{t_{1}}\{I_{2}(t)-D(t_{1}-t)\}dt]$




$IP_{4}$ $=$ $0$ (13)
(g)
(I)$0\leq M<t_{d},$ ( II) $t_{d}\leq M<t_{1},$ $(m)t_{1}\leq M<t_{1}+N,$ $(IV)t_{1}+N\leq M$
$(I)0\leq M<t_{d},$ $($ $)t_{d}\leq M<t_{1},$ $(m)t_{1}\leq M<t_{1}+N$
$IE_{1} = IE_{2}=IE_{3}=p_{1}I_{e}[ \int_{N}^{M}\frac{D}{\delta}\log[1+\delta(T-t_{1})]dt+\int_{N}^{M}D(t-N)dt]$
$=$ $Dp_{1}I_{e}[ \frac{M-N}{\delta}\log[1+\delta(T-t_{1})]+\frac{(M-N)^{2}}{2}]$ (14)
$(N)t_{1}+N\leq M$
$IE_{4} = p_{1}I_{e}[ \int_{N}^{M}\frac{D}{\delta}\log[1+\delta(T-t_{1})]dt+\int_{N}^{t_{1}+N}D(t-N)dt+\int_{t_{1}+N}^{M}Dt_{1}dt]$
$=$ $Dp_{1}I_{e}[ \frac{M-N}{\delta}\log[1+\delta(T-t_{1})]-\frac{t_{1}^{2}}{2}+t_{1}(M-N)]$ (15)





(I)$0\leq M<t_{d},$ ( If) $t_{d}\leq M<t_{1},$ $(m)t_{1}\leq M<t_{1}+N,$ $(IV)t_{1}+N\leq M$
(I)$0\leq M<t_{d}$
$0\leq M\leq t_{d}$ (16) $t_{1},T$
$Z_{1}(t_{1}, T) = \frac{D}{T}[e^{\theta(t_{1}-t_{d})}(ht_{d}+\frac{h+p\theta}{\theta})-\frac{h+p\theta}{\theta}-\frac{(s+\delta\pi)(T-t_{1})}{1+\delta(T-t_{1})}]$ (17)
$Z_{2}(t_{1}, T)$ $=$ $\frac{D}{T^{2}}[\frac{1}{\theta}e^{\theta(t_{1}-t_{d})}(-ht_{d}-\frac{h+p\theta}{\theta})+(\frac{(T-t_{1})(\delta t_{1}-1)}{1+\delta(T-t_{1})}+\frac{1}{\delta}\log[1+\delta(T-t_{1})])$
$( \frac{s+\delta\pi}{\delta})-\frac{A}{D}+\frac{ht_{d}}{\theta}-\frac{ht_{d}^{2}}{2}-\frac{h+p\theta}{\theta^{2}}(-\theta(t_{1}-t_{d})-1)]$ (18)
$\frac{\partial TC_{1}}{\partial t_{1}} = Z_{1}+\frac{D}{T}[\frac{p_{1}I_{e}(M-N)}{1+\delta(T-t_{1})}+pI_{p}[e^{\theta(t_{1}-t_{d})}(t_{d}-M+\frac{1}{\theta})+N-\frac{1}{\theta}]]$ (19)







$k_{1}=t_{d}+ \frac{1}{\theta}\log[\frac{\frac{h+p\theta}{\theta}-pI_{p}(N^{1})+^{\underline{s}+\underline{\delta\pi}}}{ht_{d}+\underline{h}+\sigma^{\underline{p\theta}}+pI_{p}(t_{d}-M+_{\sigma}^{1})}]$ $t_{d}\leq t_{1}<k_{1}$ $t_{1}$ $t_{1}\leq T$
$T$






(23) $\triangle_{1}(t_{1}, T)$ Appendix A
1 $\triangle_{1}(t_{d}, T_{1}(t_{1}))<0$ $0<\triangle_{1}(k_{1}, T_{1}(t_{1}))$ $\triangle_{1}(t_{1}^{0}, T_{1}(t_{1}^{0}))=0$
$(t_{1}^{*}, T_{1}(t_{1}^{*}))=(t_{1}^{0}, T_{1}(t_{1}^{0}))$ $TC_{1}(t_{1}^{0}, T_{1}(t_{1}^{0}))$
( )td $\leq M<t_{1}$
(I)
2 $R_{2}=e^{\theta(t_{1}-t_{d})}(ht_{d}+ \frac{h+p\theta}{\theta})-\frac{h+p\theta}{\theta}+pI_{p}[\frac{1}{\theta}e^{\theta(t_{1}-M)}+N-\theta 1]$ $R_{2}=0$
$t_{1}$ $k_{2}$ $t_{d}\leq t_{1}<k_{2}$ $t_{1}$ $t_{1}\leq T$ $T$





3 $R_{3}=e^{\theta(t_{1}-t_{d})}(ht_{d}+ \frac{h+p\theta}{\theta})-\frac{h+p\theta}{\theta}-\frac{s+\delta\pi}{\delta}+pI_{p}(t_{1}-M+N)$ $R_{3}=0$
$t_{1}$ $k_{3}$ $t_{d}\leq t_{1}<k_{3}$ $t_{1}$ $t_{1}\leq T$ $T$
$T=T_{3}(t_{1})=t_{1}- \frac{1}{\delta}-\frac{p_{1}I_{e}(M-N)+\frac{s+\delta\pi}{\delta}}{\delta R_{3}}$ (26)
$(N)t_{1}+N\leq M$
(m)
4 $R_{4}=e^{\theta(t_{1}-t_{d})}(ht_{d}+ \frac{h+p\theta}{\theta})-\frac{h+p\theta}{\theta}-\frac{s+\delta\pi}{\delta}+p_{1}I_{e}(t_{1}-M+N)$ $R_{4}=0$
$t_{1}$ $k_{4}$ $t_{d}\leq t_{1}<$ $t_{1}$ $t_{1}\leq T$ $T$
$T=T_{4}(t_{1})=t_{1}- \frac{1}{\delta}-\frac{p_{1}I_{e}(M-N)+\frac{s+\delta\pi}{\delta}}{\delta R_{4}}$ (27)
2,3,4 (I) 1
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2 ( $IF$ ),(m),(IV) $\Delta_{1}$ $\Delta_{2},$ $\Delta_{3},$ $\Delta_{4}$ $i(i=1,2,3,4)$
$\Delta_{i}(t_{d}, T_{i}(t_{d}))<0$ $0<\triangle_{i}(k_{i}, T_{i}(k_{i}))$ $\Delta_{i}(t_{1}^{0}, T_{i}(t_{1}^{0}))=0$
$(t_{1}^{*}, T^{*})=(t_{1}^{0}, T_{i}(t_{1}^{0}))$ $TC_{i}(t_{1}^{0}, T_{i}(t_{1}^{0}))$
$0$ . $\epsilon$
1. $M<t_{d}$ $i=1$ , $i=2$
$2.\Delta_{i}(t_{d}, T_{i}(t_{d}))<0$ $0<\Delta_{i}(k_{i}, T_{i}(k_{i}))$ $x_{1}=t_{d},$ $x_{2}=k_{i}$ 3
3. $x_{3}=^{\underline{x}_{1}}arrow^{+x2}$ $\Delta$i $(x_{3}, T_{i}(x_{3}))$ $x_{3}-x_{1}<\epsilon$ 3-2
3-1
$3-1.\triangle_{i}(x_{3}, T_{i}(x_{3}))<0$ $x_{1}=x_{3}$ 3 $x_{2}=x_{3}$
3
$3-2.TC_{i}(x_{1}, T_{i}(x_{1})),$ $TC_{i}(x_{2}, T_{i}(x_{2})),$ $TC_{i}(x_{3}, T_{i}(x_{3}))$ /$J\dashv$($\llcorner$g
$Xj$ $t_{1i}$ 4
4.$i=1$ $j=1$ 5 i $=2,3$ $i=i+1$ 2
i $=4$ $i=2,3,4$ $TC_{i}(t_{1i}, T_{i}(t_{1i}))$ $i$ $j$ 5
5. $(t_{1}^{*}, T^{*})=(t_{1j}, T_{j}(t_{1j}))$ $TC(t_{1}^{*}, T^{*})$
5.
1. $D=1000,$ $h=15,$ $A=250,p=80,p_{1}=$
$85,$ $s=30,$ $\pi=25,$ $I_{p}=0.15,$ $I_{e}=0.12,$ $M=0.01233,$ $N=0.005,$ $t_{d}=0.0685,$ $\delta=0.56,$ $\theta=$
0.08 (I) $t_{1}^{*}=0.1001,T^{*}=0.1685$ , 2837








(2) $M$ $D,$ $H,$ $A$
(3) $A,$ $D,$ $s$
6.
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$0$ $t_{1}$ 1 $T$
4
$t_{1}^{*},$ $T^{*},TC(t_{1}^{*},T^{*})$ $N\leq M,t_{d}+N\leq t_{1}$
Appendix A
$\frac{\partial^{2}TC_{1}(t_{1}^{*},T_{1}(t_{1}^{*}))}{\partial t_{1}^{2}} = \frac{D}{T}[\theta e^{\theta(t_{1}-t_{d})}(ht_{d}+\frac{h+p\theta}{\theta})+pI_{p}\theta e^{\theta(t_{1}-t_{d})}(t_{d}-M+\frac{1}{\theta})$
$+ \frac{p_{1}I_{e}\delta(M-N)+(s+\delta\pi)}{[1+\delta(T-t_{1})j^{2}}]$ (28)
$\frac{\partial^{2}TC_{1}(t_{1}^{*},T_{1}(t_{1}^{*}))}{\partial T^{2}}=\frac{D}{T^{2}}[\frac{(s+\delta\pi)T}{[1+\delta(T-t_{1})]^{2}}+\frac{p_{1}I_{e}\delta T(M-N)}{[1+\delta(T-t_{1})]^{2}}]-\frac{2}{T}\frac{\partial TC_{1}}{\partial T}$ (29)
$\frac{\partial^{2}TC_{1}(t_{1}^{*},T_{1}(t_{1}^{*}))}{\partial t_{1}\partial T}=-\frac{1}{T}\frac{\partial TC_{1}}{\partial t_{1}}-\frac{D}{T[1+\delta(T-t_{1})]^{2}}|p_{1}I_{e}\delta(M-N)+(s+\delta\pi)]$ (30)
$\frac{\partial^{2}TC_{1}(ti^{\tau_{1}}(ti))}{\partial t_{1}^{2}}$ $\frac{\partial^{2}TC_{1(t}i^{\tau_{1}}(ti))}{\partial t_{1}^{\lrcorner}}\partial^{2}TC_{1}(t_{1}^{*},T_{1}(ti))_{-}\partial T^{2}$




[1]K.S.Wu, L.Y.Ouyang, C.T.Yang, An optimal replenishment policy for non-instantaneous de-
teriorating items with stock-dependent demand and partial backlogging, International Journal
of Production Economics 101 (2006) 369-384.
[2]K.V.Geetha, R.Uthayakumar, Economic design of an inventory policy for non-instantaneous
deteriorating items under permissible delay in payments, Journal of Computational and Applied
Mathematics 233 (2010) 2492-2505.
[3]P.M.Ghare, G.H.Schrader, $A$ model for exponentially decaying inventory system, International
Journal of Productions Research 21 (1963) 449-460.
105
